Abstract. The spin relaxation length is calculated numerically in quantum wires with strong spin-orbit interaction. The spin relaxation is perfectly suppressed in a quantum wire with a single channel and becomes important with the increases of the width or the channel number. The width dependence is much stronger than the result of classical simulations.
The goal of spintronics is to utilize the spin degree of freedom in electronic devices [1] . In semiconductor quantum structure, the so-called structure inversion asymmetry is known to cause gate controllable spin splitting in the absence of a magnetic field [2, 3] and a spin device using this spin splitting was proposed [4] . In such systems, however, even spin independent scattering causes spin relaxation [5] . The purpose of this paper is to study the spin relaxation length in quantum wires with strong spin-orbit interaction.
For this spin relaxation, the parameter ωτ plays a decisive role, where τ is the relaxation time and ω is the Larmor precession frequency due to an effective magnetic field arising from the spin-orbit interaction. In a two-dimensional system, for ωτ 1, the spin relaxation length is given by Λ S = υ F /ω, which is independent of the mean free path Λ and determined only by ω and the Fermi velocity υ F , while for ωτ 1, the spin relaxation length becomes comparable to the mean free path, i.e., Λ S ≈ Λ [5] .
In this study, a tight-binding model including spinorbit interaction due to structure inversion asymmetry is employed and a recursion method is used to calculate the spin-dependent transmission coefficient in quantum wires [6] . The strength of the spin-orbit interaction is characterized by δ = αk F /ε F where αk F is the spin splitting at the Fermi energy ε F with k F being the Fermi wave number. The precession frequency is given by ω = 2πδ υ F /λ F where the Fermi wavelength is given by λ = 2π/k F . Effects of disorder are included by a random and uniform distribution of the on-site potential and their strength is characterized by the mean free path Λ in the two-dimensional system. Then, we have ωτ = 2πδ Λ/λ F . Let W be the width of the wire. Then, the channel number, i.e., the number of the one-dimensional subbands below the Fermi level per spin, is given by
Consider a quantum wire with length L, both ends of which are connected to an ideal lead without spin- 
i,ν be the two-component wave function of the out-going channel j from the incoming channel i with spin ν and unit amplitude. Then, the expectation value of spin σ µ of the transmitted waves is given by
A spin correlation function between the in-coming and out-going states of the quantum wire with L is defined by the sample average S µ,ν . The spin polarization function is defined by
Numerical results given below show that P(L) decreases exponentially with the increase of L. Then, the spin relaxation length Λ S is defined by the relation Figure 1 gives examples of calculated spin polarization function and conductance for quantum wires with N = 1 and 2 for δ = 0.05 and Λ/λ F = 5. In a singlechannel wire, the spin relaxation never takes place. This is because the spin precesses in the reversed direction in each backward scattering and therefore the precession angle depends only on the distance from the incident position. In a wire with two channels, a weak relaxation appears but its amount can practically be neglected.
Systematic calculations have been performed for wider wires with channel number N = 5, 7, 10, and 21, and the results are summarized in Fig. 2 for δ = 0. 05. In the figure the spin relaxation length is plotted against the mean free path for each N. The results in two dimensions mentioned above are represented by two straight lines (Λ S = υ F /ω for ωτ < 1 and Λ S = Λ for ωτ > 1).
For the widest wire N = 21, the spin relaxation length is independent of Λ for small Λ and increases and approaches Λ for sufficiently large mean free path. This behavior is qualitatively the same as that in the twodimensional system, although Λ S for small Λ is much larger than υ F /ω. With the decrease of the wire width the relaxation length for short Λ increases but the general feature in the dependence on Λ remains qualitatively the same as that in the two-dimensional system.
A simulation in two-dimensional system with a finite width W and in the regime ωτ 1, corresponding to Λ/λ F ∼ 1 in the present system, has been performed previously based on a classical Monte-Carlo method [7] and a classical spin-diffusion equation [8] . It gives the relation Λ S ∝ (υ F /ω) 2 /W . We can determine the proportionality constant in such a way that this equation gives the present Λ S for N = 21 and Λ/λ F = 1. Then the corresponding results for other values of N are shown by the horizontal arrows in the figure. It is clear that the present Λ S determined full-quantum-mechanically increases much faster with the decrease of N than the classical result.
In summary, the spin relaxation is perfectly suppressed in a quantum wire with a single channel and becomes important with the increases of the width or the channel number. For sufficiently wide wires, the relaxation length Λ S for a short mean free path Λ corresponding to ωτ < 1 is independent of Λ and approaches Λ for large Λ corresponding to ωτ > 1, where ω is the spin precession frequency and τ is the relaxation time. With the decrease of the channel number the relaxation length increases much more rapidly than that of the result of classical simulations. 
